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Abstract: The main aim is to filter out/low frequency ripple of any magnitude and introduces negligible delay to the control 

system at low capacitance values. The theoretical limit is calculated for the maximum capacitor voltage ripple, and hence 

minimum dc capacitance values that can be used in the converter. The system facilitates using high reliability film capacitors with 

low capacitance instead of the conventional electrolytic capacitor.The proposed filtering scheme is implemented and verified on a 

single phase 7 level cascaded H/bridge (CHB)/ multilevel/converter based STATCOM. Simulation and experimental result are 

provided to compare performance of the proposed filtering scheme with the performance of the most commonly used second 

order filter based approach to demonstrate its effectiveness. 

Index Terms— Cascaded H-Bridge,  capacitor voltage filtering,  multilevel converter, STATCOM.   
 

I. INTRODUCTION 

 

The cascaded H-Bridge (CHB) converter is a popular choice in many industrial applications due to its modularity. 

Compared to other multilevel converters, the requirement for isolated DC power sources is considered to be the main 

disadvantage of this topology. However, in STATCOM applications the isolated DC sources are the floating capacitors and the 

isolation requirement is easily met. Additional feature which makes this converter suitable for the STATCOM is its lowest 

number of component count. 

In a CHB based STATCOM, there are second order harmonic ripples on capacitors voltages that need to be filtered for control 

purposes. The ripple magnitude increases when the capacitance of the capacitors decrease which makes filtering them more 

challenging. Recently, the high reliability of film capacitors became a major driving force to replace the electrolytic type 

capacitors in converters.  However, relatively low capacitance of the film capacitors as compared to the electrolytic types at the 

same volume poses some technical problems to the control system of the CHB converter based STATCOM. One of these 

problems is the presence of high magnitude low frequency ripple on the capacitors voltages that needs to be filtered effectively 

for control purposes. Therefore, the cut off frequency of the low-pass filter has to be reduced. At the same time, bandwidth of the 

voltage controller has to be increased because low capacitance film capacitors require faster controller to regulate their voltages 

during transients. These two requirements are contradicting and cannot be met at the same time using conventional approaches. 

Using a conventional low pass filter for effective filtering of the second order harmonic frequency introduces a large time delay to 

the control system. For example, a low pass filter with a cut off frequency of 15Hz was used in to effectively remove the 100Hz 

ripple from the capacitors voltages of  a CHB converter based STATCOM. Therefore, the voltage controller has to be slow for 

stable operation. However, this filter introduces a time delay equal to the filter averaging window size. Hence, development of a 

solution that is able to filter out low frequency ripple of any magnitude and with short time delay is necessary. To address this 

issue an analytic formula based scheme to filter the capacitors voltages low frequency voltage ripple is proposed in this paper.  

The proposed analytic filtering scheme is implemented and verified on a single-phase, 7-level CHB multilevel converter based 

STATCOM. However, the concept of using small film capacitors and challenges regarding filtering the low frequency ripple in 

the capacitors voltages are not studied. 

 
II. LOW-CAPACITANCE STATCOM SYSTEM 

 

In this section, a model of the CHB converter based low capacitance StatCom (LC-StatCom) is introduced and an 

expression for the H-bridge capacitor voltages as a function of the converter current and grid voltage is derived. Fig 1 shows a 

single-phase CHB converter LC-StatCom. A three-phase configuration is composed of three identical single-phase converters. 

Therefore, for the rest of this paper, without loss of generality, a single-phase system is considered. 

 

Using Kirchhoff's voltage law on the ac side yields, 

 

where, vj  is the ac voltage generated by the jth H -bridge, L represents the filter inductor and R is its parasitic series resistance. Vg 

and Ig are the grid voltage and converter current respectively. On the other hand, on the dc side of each H-bridge, 
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Where C represents the capacitance of the capacitors(C=C1=C2=…=CN) and Vc-j is the voltage across the individual capacitors. 

Ic-j represents the current flowing into the jth capacitor. Assuming that the losses are negligible, the input power on the ac side is 

equal to the output power on the dc side; hence, 

 

 

 

 
Figure1. Single-phase CHB converter LC-StatCom 

 

 

III. CONTROL SYSTEM 

 

The LC-StatCom control system is shown in Fig2, which comprises three sections, namely, (i) cluster voltage controller, which is 

responsible for regulating cluster voltage by controlling the active power flow, (ii) converter current controller, and (iii) individual 

capacitors’ voltage controller that is in charge of evenly distributing cluster voltage between sub-modules. 
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Figure 2. Proposed LC-STATCOM system composed of 3 modules. 

 
 The individual capacitor voltage controllers use a separate PI controller to inject small ac voltage components, Δv, in 

phase with the converter current to balance the capacitor voltages. The total injected components cancel each other out over the 

phase-leg to ensure no interference with outer control loops. 

The current controller is based on a popular dead-beat current controller often used in variable speed drive applications 

to provide excellent dynamic current tracking performance. 

The cluster voltage controller uses the square of the sum of capacitor voltages to full fill the decoupling condition with 

the individual voltage controllers. The individual voltage controller balances the capacitor voltages by exchanging energy 

between the H-bridges in one phase, where the energy in each capacitor is proportional to the square of its voltage. 

 Therefore, the individual controller takes care of internal energy balance and the cluster voltage controller needs to act 

only when the total energy in the capacitors of a phase is not at the reference value. Hence, since both controllers deal with energy 

in the capacitors they do not interact with each other. As an example, for a simple case of a five-level converter, if the cluster 

voltage controller regulates the total energy in the capacitors to a value 2E, then in the unbalanced condition where the energy in 

the first and second capacitors is E1=E+dE and E2=E-dE, respectively, the action of the individual voltage controller in 

transferring dE from the first to the second capacitor will not require any action from the cluster voltage controller, which is the 

desired decoupled situation. This happens provided the cluster controller regulates the total energy in the phase, but not the total 

voltage. If the cluster controller targeted the regulation of the total voltage of the phase instead, it would try to take energy out of 

the leg in this example without being necessary and hence would be interacting with the internal controller. Using the square of 

the voltages also linearizes the cluster voltage controller, which is important in the LC-StatCom system as will be discussed in the 

following analysis. The capacitor voltage reference in this system is not constant and varies throughout a wide range. 

Furthermore, the use of complex feed forward ripple compensation can be avoided because the ripple on the square of the 

voltages is sinusoidal 

 

 

 

 

V is the peak value of the generated ac voltage by the inverter and αv is its angle. V0
2 is the square of the dc component in the 

cluster voltage, which is controlled by the cluster voltage controller. In this single-phase system, the ripple compensator block 

subtracts the oscillating part by estimating the ripple: 

 

 
The estimated ripple is subtracted from the measured cluster voltage. 

 

 

 

 

A. Normal Operating Mode 

 

In the normal operating mode, the system operates with a fixed maximum dc voltage. The total maximum voltage on the 

capacitors can be approximated as 
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were XL is the reactance of L. In order to have a constant Vdc-max , V2

0-ref needs to be a function of Iq-ref which is defined as 

follows: 

 
The subscript ‘ n’ indicates the nominal value of a quantity, ‘a’ is a constant and aVgn represents the maximum limit for the 

cluster capacitors’ voltage. In practice, the maximum dc voltage needs to be higher than the grid voltage to compensate for the 

voltage drop across the filter inductor. Therefore, the parameter ‘a’ needs to be larger than one  (a>1). The LC-StatCom control 

system can keep Vdc-max fixed at aVgn for all values of Iq-ref < Iqn. At full load, the minimum instantaneous value of the cluster 

voltage, Vdc-min, hits its minimum allowed value. 

 
 

B.  Extended Operating Mode 

 

     Converters are often thermally rated for short-term higher power operation. It is suggested here that for a limited time the LC-

StatCom can provide currents higher than the nominal current by temporarily increasing Vdc-max. The temporary increase would 

utilize the margin between peak capacitor voltage and maximum reverse blocking voltage of the semiconductors, typically 

included to minimize cosmic ray failure rates of semiconductors. As the increase is temporary, the failure rate probabilities will 

not be greatly impacted. In this operating mode, the CVL block will maintain the lower limit of the capacitor voltages while 

allowing Vdc-max to exceed aVgn. The total minimum voltage on the capacitors can be approximated as 

 
 

 

IV. MODEL OF THE SIMULATION 

 

The proposed system is simulated using MATLAB/SIMULINK (R2014a) software. The sudden change in the voltage 

when load is connected is observed. The load voltage variations with and without STATCOM is shown. The scheme of the block 

diagram for the low capacitance cascaded h-bridge multilevel STATCOM is as shown in figure 3. 
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Figure 3. simulation module 

 

 

 

The grid voltage of 230v is given to the system. The waveform is shown in figure 4. 

 
Figure4. Grid voltage 

 
In the simulation part there is a comparison done between the proposed system and the system without STATCOM.  

The system operating with the STATCOM compensates the voltage across the load. Initially the STATCOM is operating at the 

inductive mode, so there will be sight voltage drop, but when the load changes, the voltage will drop for the system without 

STATCOM, whereas for the system with the STATCOM, there will be no drop. Here the efficiency of the STATCOM  depend 

on how much voltage it can restore. The waveform of the load voltage with and without STATCOM is shown in figure5.   
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Figure5. Load voltage waveforms 

 
The current waveform without STATCOM is shown in figure6.  

 

 
Figure6. current waveform with STATCOM.  

The current waveform with STATCOM is shown in the figure7. The ripple content in the current is high compared to that without 

STATCOM.  

 

 
Figure7.Current waveform without STATCOM.  

 

Load voltage with and without STATCOM  

 

 
Figure8. load voltage waveform. 
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The voltage across each capacitors is shown in figure. Initially the capacitors voltage is low, as of when the STATCOM operates 

it injects the voltage hence the capacitor voltage increase during the operation of the STATCOM. The waveforms are as shown in 

the figure9. 

 

  
 

Figure 9. Initial capacitor voltage 

.  

 
Figure 10. STATCOM induced voltage. 

 

 
The current THD is as shown in figure 11 where the THD is 2.49%  
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Figure11. current THD 

 
V. CONCLUSION 

 
 A new Low Capacitance CHB-MC based STATCOM system is employed.  The demand due to the increase of the load 

voltage is satisfied using LC-STATCOM.  It is clearly shown that how the load side fault is cleared using the STATCOM. The 

proposed system shows that during the fault the capacitor starts charging and  discharging  continuously, hence due to this the 

ripples in the voltage are increased, and hence increasing the voltage across the output. The proposed LC-STATCOM system and 

associated control opens the door to smaller, more efficient and more reliable reactive power compensator.  
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